By collecting optical and infrared photometry and low resolution spectroscopy, we have identified a large number of low mass stars and brown dwarf candidates belonging to the young cluster (∼5 Myr) associated with the binary star λ Orionis. The lowest mass object found is a M8.5 with an estimated mass of 0.02 M ⊙ (∼0.01 M ⊙ for objects without spectroscopic confirmation). For those objects with spectroscopy, the measured strength of the Hα emission line follows a distribution similar to other clusters with the same age range, with larger 1 Visiting Astronomer, Las Campanas Observatory.
Introduction
The Lambda Ori OB-T association, located at 400 pc (Murdin & Penston 1977 ) is a young stellar group which has not been studied so far in great depth. It is located inside a fossil giant molecular cloud. The O8 III star λ 1 Ori, and to a lesser extent the 11 B stars near to it, excite the HII region S 264. Making use of the Infrared Astronomical Satellite (IRAS), Zhang et al. (1989) detected a dust ring with a diameter of 9 deg centered around the star λ Ori. This ring is complementary to a shell of neutral hydrogen discovered previously by Wade (1957 Wade ( , 1958 . There are two nearby dark clouds within this ring, namely B35 and B30, separated from λ Ori by 2.2 and 2.7 deg, respectively. Based on a Hα emission survey, Duerr, Imhoff & Lada (1982) , identified three stellar clusters centered around B30, B35 and λ 1 Ori, respectively. Those clusters were later confirmed from a statistical point of view by Gómez & Lada (1998) . Dolan & Mathieu (1999 , 2002 collected moderately deep photometry (VRI filters) in an area about 8 sq.deg. centered on the OB association, discovering a significant population of low mass stellar members, and obtained medium resolution multifiber spectroscopy for those candidates closest to the central star. Their derived distance of 450±50 pc is larger than both the distance derived by Murdin & Penston (1977) and the value derived by Hipparcos (Perryman et al. 1997) for the five stars in the central area, 380±30 pc. According to Dolan and Mathieu (2002) , the turn-off age for the massive stars is of order 6 Myr (see also Murdin & Penston 1977 for another age determination based on the masive stars, 4 Myr), although the star formation history might be more complex (Dolan & Mathieu 2001) .
In this paper, we present additional, much deeper photometry, well beyond the hydrogen burning limit at 0.072 M ⊙ (Baraffe et al. 1998) . For some of the new candidate members, we have also obtained low resolution spectroscopy, which allow us to add additional clues about their membership and their substellar nature. In our study, we will assume: an age of 5 Myr, a distance 400 pc -(m − M) 0 =8.010-and a reddening of E(B − V )=0.12 (Diplas & Savage 1994) . Section 2 deals with the optical search and the near infrared counterparts in the 2MASS All Sky Survey. Section 3 presents the analysis of these datasets, whereas the results are summarized in section 4.
The data

Optical survey
On September 29th and 30th, 1999, we conducted an optical photometric survey around the star λ Orionis, using the CFHT 12K mosaic camera and the Cousins R and I filters. This instrument covers a projected area on the sky of 42×28 arcminutes, with a scale of about 0.2 arcsec/pix. The data were collected under photometric conditions. The reduction was performed with the standard pipeline, and the extraction of the aperture photometry was carried out within the IRAF 1 environment. The astrometric calibration was tied to the USNO-A2.0 catalog (Monet et al. 1998) . Our derived coordinates, on average, should be accurate to better than 1 arcsec, except for the objects closer to the edges of each detector .
Based on the results of the wide-field imaging survey of Dolan & Mathieu (2002) specifically their Figures 6 and 8, the separation of Lambda Ori from the B30 and B35 clusters, and the FOV of the 12K mosaic, we believe that our survey should mostly include young stars from the cluster associated with Lambda Ori. Furthermore, because of the very young age and moderate distance to the cluster, we expect the very low mass cluster stars to be well separated from field stars in a color-magnitude diagram. Figure 1 illustrates the location of λ Orionis, the dark clouds and the CFHT 12K field.
We collected two different sets of exposures, with short and long exposure times. In the first case, we exposed during 10 seconds for each filter, whereas the exposure times were 600 and 900 seconds -Cousins I and R filters, respectively, for the second set. With this method, we increased the dynamical range, and our photometry overlaps with previously published data in these filters. The zero points of the photometric calibration were derived using the data from Dolan & Mathieu (1999 , 2002 . Each CCD was calibrated independently. The errors can be estimated as 0.06 and 0.08 magnitudes, for the shallow and deep exposures, respectively. Figure 2 displays the optical color-magnitude diagram (CMD). Dots represent the photometry of field objects (deep images), whereas solid circles correspond to our selected candidate members (deep and shallow images). We have also added other possible, brighter members from Dolan & Mathieu (1999) as crosses. The thick, solid line corresponds to an empirical ZAMS from Barrado y Navascués et al. (2001b) , whereas a 5 Myr isochrone from Baraffe et al. (1998) is displayed as a dotted line. This last isochrone, together with the brigther data by Dolan & Mathieu (1999) , was used as the reference -taken into account photometric errors-for the selection of candidate members. A older isochrone (e.g., 8 Myr) would not modify in a significant manner our member selection. We used a reddening of E(R − I) C =0.084. Visual inspection of the figure indicates that there is a clear separation between the field population and the cluster sequence, as we had expected. Hence, we expect contamination of our cluster membership list from field stars to be relatively small. Table 1 lists our candidate members, extracted from both the shallow and the deep datasets. Columns 4-7 list the optical photometry derived from the shallow exposures, whereas columns 8-11 contains the data from the deep images.
Our search has a magnitude limit of I(lim)∼24.0 mag. Completeness is achieved at R(complete)∼22.75 mag and I(complete)∼22.75, based on the drop (Figure 3 ) in the number of detected objects for each interval in the Ic and Rc filters (Wainscoat et al. 1992; Santiago et al. 1996) . For cluster members, the faint limit is set by R(complete) ∼ 22.75 at (R − I) = 2.5, corresponding then to I(complete,cluster) ∼ 20.2 mag.
2MASS infrared photometry
The limiting magnitude of the 2MASS All Sky release (Cutri et al. 2003 ) is about Ks∼15.5 mag. Using a Baraffe et al. (1998) 5 Myr isochrone, and the distance and reddening of the Lambda Orionis cluster, this value corresponds to cluster members having a mass similar to 0.025 M ⊙ (Ic∼19.1 mag). Therefore, we expect that most of our optical candidate members, except the faintest, should have a counterpart in the 2MASS catalog. Our faintest candidates, with Ic∼22, would have masses of order 0.010 M ⊙ if they are cluster members and have an age equal to 5 Myr, according to the Baraffe et al. (2003) isochrones, the so called COND models. We have matched both datasets using a 5 arcsec radius, much larger than the combined errors of the 2MASS coordinates and our own positions. Since the surface density is not very large in this field, the object identification is generally unambiguous. 2MASS photometry, together with the coordinates (more accurate than our initial values), are provided in Table 2. This table lists the Ic magnitude, the distance between the optical and the IR source and the 2MASS coordinate, and the IR photometry and uncertainties.
Column 12 describes whether the candidate fulfills different membership criteria, and the last column contains our final membership assessment (see section 3.3).
Low resolution spectroscopy
We have collected low resolution optical spectroscopy in two different campaigns. The first one took place in November 3-5, 2002, at the Keck I telescope. We made use of LRIS with the 400 l/mm grating with a one arcsec slit. Typical integration times were 300-900 seconds. The data were processed within the IRAF environment in a standard way. The wavelength calibration is better than 0.4Å, spectral coverage is 6250-9600Å and the resolution is R∼1100 (6.0Å around Hα), as measured in a NeAr lamp. For the second run, we used the B&C spectrograph attached to the Magellan II telescope in March 9-11, 2003. The reduction was carried out in a similar way as in the case of the Keck sample. The Magellan spectra have slightly worse resolution and larger spectral range (R∼800, 5000-10200Å), since in this case we used the 300 l/mm grating. Relative flux calibration for the spectra was derived using observations obtained of several spectrophotometric standards.
In total, we obtained spectra for 33 objects out of the 170 possible members discovered in our optical survey. The spectra are displayed in Figure 4a -d. Panels a, b and c correspond to data from Keck I, whereas panel d contains the Magellan spectra.
Analysis
Spectral types
Simultaneously to our observations of Lambda Orionis candidate members, we observed a large number of cool stars of different luminosity classes (V, IV and III) and spectral types ranging from K7 to M9. These spectra were reduced in the same way and were used to measure spectral indices as defined by Martín et al. (1996 Martín et al. ( , 1999 and Kirkpatrick et al. (1999) . Then, we calibrated these indices with the known spectral types of this dataset, and derived spectral types for our candidate members. A final visual inspection was carried out, by comparing the spectrum of the cluster candidate member with the one corresponding to a field star of the same spectral type. The final values are listed in Table 3 . The error in the spectral type assignation, except in one case (LOri-CFHT-165), can be estimated as half a subclass.
Color -color, color-magnitude and magnitude versus spectral type diagrams
Figures 5a and 5b display optical-infrared color-magnitudes diagrams, whereas colorcolor diagrams are illustrated in Figures 6a, 6b and 6c . In these diagrams, we have overplotted 5 Myr isochrones by Baraffe et al. (1998 Baraffe et al. ( , 2002 and Chabrier et al. (2000) , shifting them to a distance of 400 pc, and using the interstellar extinctions of A R =0.307, A I =0.223, A J =0.106, A H =0.066, and A K =0.04. Additionally, the Ic and Ks magnitudes versus the spectral type are shown in Figures 7a and 7b . In these last two cases, we made used of temperature scales by Luhman (1999 ) -dotted lines-and Basri et al. (2000 -solid line-for the conversion between effective temperatures and spectral types. Note that Luhman' scales were derived for giant and dwarfs, and for an intermediate gravity, which roughly describes the location of Lambda Ori cluster members, whose gravity should be log g≃4.0, according to Baraffe et al. (1998) models. In all these figures, different symbols represent our membership assignments (see next subsection).
Membership
We have established a membership status based on two main criteria: the spectroscopic and photometric information. When the first one was available, we relied mainly on it, otherwise we made use of the optical-infrared photometry.
1.-Candidates with spectroscopy.
1.a.-Both spectral type and photometric data in agreement with cluster sequence. Probable members. They appear with the label "Mem+" in Table 2 , and displayed in Figures 5-9 as solid circles.
1.b.-Spectral type compatible with cluster sequence, but the location in one or two CCD or CMD does not correspond to a member. Possible members. Label "Mem?" (solid triangles).
2.-Candidates without spectroscopy.
2.a.-All CMD and CCD indicate membership. Probable members. They are listed in Table 2 with the tag "Mem". Shown as plus symbols in Figures 5-9. 2.b.-One CMD or CCD in disagreement with the cluster sequence. Possible members. "Mem?" (crosses).
2.c.-At least a CMD and another CMD or CCD in disagreement with the membership. Possible non-member. "NM-" (small dots).
2d.-No information in the 2MASS All Sky release. Most of them are too faint to have been detected by that survey. They are labeled with the tag "???".
One object, LOri-081, is located in Figure 5b in a position which might indicate a large reddening. However, Figures 6a and 6b suggest that this object has a near infrared excess which is characteristic of Classical TTauri stars. Note, however, that it Hα equivalent width is not very large (see section 3.5). Since this low mass star has no other indicator which might suggest it is a non-member, we have catalogued it as a member. Figure 8b displays the same set of theoretical models (isochrones and evolutionary tracks) in a HR diagram. Luminosities were derived from either the Ic or the Ks magnitudes -open squares or stars, respectively-and bolometric corrections by Comerón et al. (2000) and Tinney et al. (1993) . Effective temperatures come from the Luhman's scale (1999) for intermediate gravity. This figure indicates that the age of the cluster is bracketed by 3 and 10 Myr.
Of the 170 candidate members selected from the (R, R-I) CMD, 24 have no IR data, and of the remaining 146, 104 are classified probable members, 22 as possible members and 20 as non members. Hence, the contamination level of the optical sample is of order of 25% for both subsamples with and without spectral information. Additionally, a significant fraction of the confirmed members should be, based on the assumed distance, reddening and age ranges, bona fide brown dwarfs.
Spatial distribution
We have checked whether there is any concentration of bona fide, probable or possible members close to the λ Orionis multiple star (or, conversely, a clustering of non-members). Figure 9 shows the spatial distribution. We see no conclusive evidence for clustering or subclustering. Due to the geometry of our survey (a rectangle of 42×28 armin) and the total area covered by it (smaller than the expected projected total size of the cluster about 1-2 sq.deg), we have not derive the radial distribution of objects.
The Mass Function
We have derived the cluster's Initial Mass Function (IMF) in the mass range 0.02-1.2 M ⊙ (the CFHT 1999 RI survey) and from Dolan & Mathieu's (1999 ) brighter sample over the mass range 0.3-4.7 M ⊙ . We used two sets of data: In the first one we removed the probable non-members (NM+). In the second set, we only retained the probable members ("Mem+" and "Mem"). Masses were computed from dereddened I-band magnitudes, using 3, 5 and 10 Myr isochrones of Baraffe et al.'s (1998) model. Note that, as shown in Barrado y Navascués et al. (2001b) , the use of other models do not affect the derived IMF in an significant degree. Figure 10a , where Dolan & Mathieu's sample has been restricted to the area in common with the CFHT 1999 survey. The vertical segment denotes the location of the completeness limit of the CFHT survey. A power law fit -carried out with the sample without the probable non-members-to the mass spectrum (dN/dm ∝ m −α ) indicates an index α=+0.60±0.06 across the stellar/substellar limit (0.03-0.14 M ⊙ ), and a slightly steeper index α=+0.86±0.05 over the whole mass range from ∼0.024 M ⊙ to 0.86 M ⊙ , using a 5 Myr isochrone. A 5 Myr isochrone from Burrows et al. (1997) gives α=+0.69±0.17 in the range 0.20-0.015 M ⊙ , whereas models from D' Antona & Mazzitelli (1997 are almost identical -regarding the power law index-to those obtained with Baraffe et al. (1998) .
The cluster's MF is shown in
On the other hand, 3 and 10 Myr isochrones from Baraffe et al. (1998) yield α=+0.92±0.04 and α=+0.71±0.06, respectively (again, in the range 0.024 M ⊙ to 0.86 M ⊙ ).
In the case of second dataset, which only contains bona-fide members, the slope of the IMF, for a 5 Myr isochrone, is α=+0.57±0.06. Note, however, that this is a minimum value, since some among the faintest candidate members do not have IR data (they do not appear in the 2MASS catalog) and because our spectroscopic survey was biased (we observed preferably in the range Ic=15-17).
The slope of Lambda Ori MF at lower masses and into the substellar domain is quite similar to that derived for other young clusters by some of us, e.g. Sigma Orionis (α=+0.8, Béjar et al. 2001) , Alpha Per (α=+0.6, Barrado y Navascués et al. 2002b) and the Pleiades (α=+0.6, Bouvier et al. 1998; Moraux et al. 2003) . The age of these clusters is estimated as 5, 80 and 125 Myr, respectively (Zapatero Osorio et al. 2002; Stauffer et al. 1998 Stauffer et al. , 1999 . The α index is also similar to the results obtained in other stellar associations such as Trapezium, IC348 or Taurus (Luhman et al. 2000 (Luhman et al. , 2003 Lucas & Roche 2000; Hillenbrand & Carpenter 2000; Najita et al. 2000; Preibisch et al. 2002; Briceño et al. 2002; Muench et al. 2003) . Figure 10b displays the same data but plotted as dN/dlogM (instead of dN/dM) as a function of mass. The cluster's mass function appears to rise from 3 to 0.8 M ⊙ , remains about flat down to 0.1 M ⊙ , and decreases toward lower masses and into the substellar regime. This behaviour is not unlike the lognormal shape of the mass function derived for both the Pleiades cluster (Moraux et al. 2003) , as illustrated on Fig. 10b with a dashed line, and the galactic field ).
Hα emission
We have measured the Hα equivalent with using the pseudo-continuum. Note that low resolution spectra tend to produce larger equivalent widths compared with data taken at higher resolution. These values, plotted versus the derived spectral types with symbols as in the previous figures, are displayed in Figure 11 , where we also include a comparison with the "twin" cluster sigma Orionis (Wolk 1996; Walter et al. 1997) , with approximately the same age and located at similar distance. Sigma Orionis Hα equivalent widths and spectral types come from Béjar et al. (1999) , Barrado y Navascués et al. (2001a , 2003 , Zapatero Osorio et al. (2002) , Muzerolle et al. (2003) , and Jayawardhana, Mohanty & Basri (2003) . The dashed lines indicate the 5 and 20Å criteria which separate Classical -accreting-from Weak-line -non accreting-T Tauri stars, whereas the thick line corresponds to the criterion differentiating accreting from non accreting objects, based on low resolution spectroscopy (Barrado y Navascués ). This criterion is based on the upper envelope of chromospheric Hα emission present in cluster members belonging IC2391, Alpha Per and the Pleiades. Although the low resolution and relatively low S/N of our spectra -especially at the faint end-do not allow us to definitively prove that any of our objects have accretion disks (Muzerolle et al. 2003; Jayawardhana, Mohanty & Basri 2003) , the strength of Hα for several of the confirmed members of the Lambda Ori cluster suggests to us that some of them might be accreting.
The three Lambda Ori members with strongest Hα emission are: LOri 140 (eq. width = 72.8Å), LOri 156 (eq. width = 101.7Å) and LOri 161 (eq. width = 123Å). LOri 140 might present [OI]6300 in emission. Note that all of the objects with the largest Hα equivalent widths are located in the substellar regime of the CMD. However, we do not detect [OII]7329 A, [SII]6717&6731Å or the CaII IRT, which can be seen in LS-RCrA 1, another brown dwarf of similar mass and spectral type (M6.5 IV), discovered by Fernández & Comerón (2001) and analyzed in depth by Barrado y Navascués, Mohanty & Jayawardhana (2004) . The spectral properties of these three members are closer to those present in 2M1207-3932, a M8 brown dwarf which belong to the TW Hydrae association .
Summary and Conclusions.
We have collected deep optical photometry in about 0.3 sq.deg around the binary star λ Orionis, extending to well below the substellar boundary. The combination of this dataset set with near infrared photometry and low resolution spectroscopy -i.e., spectral types-allow us to cull from the initial membership list the possible and probable low mass members of the cluster, both of stellar and substellar nature. We note, however, that additional work is required, in order to study other youth indicators such as low-gravity features and the detection of lithium. We conclude that the pollution fraction due to interlopers is low (similar to 25 % for both the sample with or without spectroscopic information). The faintest object whose membership has been established is a brown dwarf with a mass slightly below 0.020 M ⊙ (based on the Chabrier and Baraffe models) and a M8.5 spectral type. Moreover, Hα equivalent widths have been measured in the spectra. A plot of the Hα equivalent widths as a function of spectral type shows a very similar distribution for Lambda Ori and for the similar age Sigma Ori clusters, with an increase on average for cooler spectral types. Some of the Lambda Orionis stars and brown dwarfs have W(Hα) larger than the chromospheric saturation limit. By analogy with Classical TTauri stars, they might have an accretion disk. We have also derived the Initial Mass Function in the range 4.7-0.02 M ⊙ , which shows different types of behavior when displayed as a mass spectrum. Across the stellar/substellar boundary, the index of a power law fit is α=+0.60±0.06, quite similar to values recently derived for other young clusters in the same mass range.
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